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[57] ABSTRACT

A control device of an automatic transmission of a motor
vehicle includes lock-up control means for controlling a
coupling state between input and output elements of a torque
converter clutch. This control device 1s used with an engine,
which includes an electronic throttle control device that
clectrically controls a throttle valve, accelerator position
detecting means for detecting an accelerator pedal position,
a cruise control device that controls an opening of the
throttle valve to maintain a vehicle speed at a predetermined
vehicle speed, for enabling constant-speed running of the
vehicle, and target throttle opening setting means for calcu-
lating a pseudo accelerator pedal position, and setting a
target throttle opening based on the pseudo accelerator pedal
position, when the cruise control device 1s 1n operation. The
lock-up control means receives mformation as to whether
the cruise control device 1s 1n operation or not, controls the
coupling state of the torque converter clutch based on the
pseudo accelerator pedal position 1f the cruise control device
1s 1n operation, and controls the coupling state based on the
accelerator pedal position detected by the accelerator posi-
fion detecting means 1f the cruise control device 1s not in
operation.

20 Claims, 7 Drawing Sheets
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CONTROLLING LOCKUP CLUTCH AND
SHIFTS AS A FUNCTION OF CRUISE MODE
AND NORMAL MODE

FIELD OF THE INVENTION

The present mvention relates to a control device of an
automatic transmission installed in a motor vehicle equipped
with a cruise control device, and 1n particular to such a
control device of an automatic transmission, which includes
a lock-up control device that controls a coupling state
between mput and output elements of a torque converter
clutch.

BACKGROUND OF THE INVENTION

In one type of automatic transmission of an automobile
that has been developed in recent years, a lock-up clutch 1s
provided for controlling a coupling state between input and
output elements of a torque converter, and this lock-up
clutch 1s engaged as needed to directly couple the 1input and
output elements of the torque converter, thereby avoiding an
energy loss which would otherwise occur during power
transmission through the torque converter.

FIG. 6 1s a cross-sectional view showing an example of a
torque converter equipped with a lock-up mechanism. The
torque converter 190 includes a hydraulic piston 190B
within a housing 190A, and a lock-up clutch 190C 1s
interposed between the mner wall of the housing 190A and
the hydraulic piston (lock-up piston) 190B.

When the lock-up clutch 190C 1s being disengaged, an oil
is supplied from a control valve (not shown) to both sides of
the hydraulic piston 190B, namely, a coupling-side o1l
chamber 190D and a release-side o1l chamber 190E, so that
the pressure 1n the o1l chamber 190D 1s made substantially
equal to that m the oil chamber 190E. Upon receipt of a
lock-up command, the oil is supplied from an oil pump (not
shown) to the coupling-side oil chamber 190D, to thus
increase the o1l pressure in the coupling-side o1l chamber
190D, whereby the hydraulic piston 190B 1s moved to the
left as viewed 1n FIG. 6, to engage the lock-up clutch 190C.

In FIG. 6, reference numeral 190F denotes a pump
impeller, 190G denotes a turbine runner, and 190H denotes

a torsion damper for absorbing vibrations during engage-
ment of the lock-up clutch 190C.

When the output torque from the engine 1s mput to the
automatic transmission, the lock-up clutch (torque converter
clutch), constructed as described above, may be engaged to
fransmit output from the engine to the automatic transmis-
sion while reducing a loss of the engine output. When the
output torque from the engine i1s not mput to the automatic
transmission, on the other hand, the lock-up clutch need not
be engaged, namely, the mput and output elements of the
torque converter are not directly coupled to each other, so
that the torque converter can smoothly transmit the power
from the engine to the transmission while using a fluid (oil)
contained therein.

In the meantime, the accelerator pedal position (amount
of depression of the accelerator pedal) 1s used for determin-
ing whether the output torque from the engine 1s input to the
automatic transmission. Thus, engagement of the lock-up
clutch 1s controlled based on the accelerator pedal position.

More specifically, when the accelerator pedal 1s depressed
(i.e., if the amount of depression of the accelerator pedal is
larger than a predetermined low value), it may be deter-
mined that the torque 1s transmitted from the engine toward
the automatic transmission. When the accelerator pedal 1s
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not depressed (i.e., if the amount of depression of the
accelerator pedal is less than the predetermined low value),
it may be determined that the torque is not transmitted from
the engine toward the automatic transmission.

Accordingly, the torque converter may be controlled so
that the lock-up clutch is engaged if the accelerator pedal 1s
depressed, and engagement of lock-up clutch 1s released it

the accelerator pedal 1s not depressed.

In such an engine, in which the throttle opening com-
pletely corresponds to the amount of depression of the
accelerator pedal (accelerator pedal position), the above
control for engaging the lock-up clutch may be performed
based on the throttle opening.

In the case of an engine equipped with an electronic
throttle control device (generally called “drive-by-wire”),
which electrically controls the throttle valve, however, a
target throttle opening 1s determined based on the accelera-
tor pedal position, and additional information other than the
accelerator pedal position, and the throttle opening 1s con-
trolled based on this target throttle opening. Since the target
throttle opening thus determined does not completely cor-
respond to the actual accelerator pedal position, the control
for engaging the lock-up clutch cannot be performed based
on this throttle opening instead of the accelerator pedal
position.

For the reasons as stated above, the engine equipped with
the electronic throttle control device performs control for
engaging the lock-up clutch based on the accelerator pedal
position.

In recent years, motor vehicles equipped with cruise
control devices for maintaining a vehicle at a constant-speed
have been developed. The cruise control device controls the
engine output and shift positions of the automatic transmis-
sion so that the vehicle runs at a constant speed which 1s
equal to a set vehicle speed (target vehicle speed), without
requiring depression of the accelerator pedal by a driver.

While the vehicle equipped with such a cruise control
device 1s running under control of the cruise control device,
namely, while the cruise control device 1s being 1n operation,
the torque may be transmitted from the engine to the
automatic transmission even 1f the amount of depression of
the accelerator pedal is always zero (or less than a prede-
termined small amount), in other words, the accelerator
pedal 1s kept at 1ts tully released position.

If engagement of the lock-up clutch 1s controlled based on
the accelerator pedal position while the vehicle 1s running
under the cruise control, the lock-up clutch 1s always placed
in the released or disengaged state, and 1s thus unable to be
engaged even 1n a driving region 1n which clutch engage-
ment 15 desired for the sake of reduction of the energy loss.
Thus, the use of the lock-up clutch does not lead to energy
saving during the cruise control.

Japanese laid-open Patent Publication No. 61-218442
discloses a technique for controlling the lock-up clutch
based on the vehicle speed set by the cruise control device
and the shift position of the transmission selected by a
transmission controller. However, the control of the lock-up
clutch disclosed 1n the above-identified publication does not
take account of whether the torque 1s being transmitted from
the engine to the automatic transmission or not, thus making
it difficult to achieve a highly efficient control of the lock-up
clutch.

SUMMARY OF THE INVENTION

It 1s, therefore, a first object of the present invention to
provide a control device of an automatic transmission
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installed 1n a motor vehicle equipped with an electronic
throttle control device and a cruise control device, wherein
a lock-up clutch can be appropriately controlled even during
an operation of the cruise control device, thus assuring an
improved energy saving.

It 1s a second object of the invention to provide a control
device of an automatic transmission installed in a motor
vehicle equipped with an electronic throttle control device
and a cruise control device, wherein a shift control of the
fransmission can be appropriately performed even during an
operation of the cruise control device, thus assuring an

improved energy saving.

In a control device of an automatic transmission accord-
ing to one aspect of the present invention, lock-up control
means 1s provided for controlling a coupling state between
input and output elements of a torque converter for trans-
mitting a driving force from the engine to the transmission.
In a motor vehicle equipped with this control device, an
clectronic throttle control device electrically controls a
throttle valve of the engine, and a cruise control device
control causes the electronic throttle control device to con-
trol the opening of the throttle valve so that the vehicle runs
at a constant speed, which 1s kept equal to a set vehicle speed
(target vehicle speed) set by the cruise control device.

While the vehicle 1s running under the control of the
cruise control device, target throttle opening setting means
calculates a pseudo accelerator pedal position, and sets a
target throttle opening based on the pseudo accelerator pedal
position. The lock-up control means receives information as
to whether the cruise control device 1s 1n operation or not,
controls the coupling state between the mput and output
clements of the torque converter based on the pseudo
accelerator pedal position 1f the cruise control device 1s 1n
operation, and controls the coupling state based on the actual
accelerator pedal position detected by accelerator position
detecting means 1f the cruise control device 1s not 1n opera-
fion.

In a control device of an automatic transmission accord-
ing to another aspect of the invention, shift pattern control
means performs a shift control of the transmission according
to a predetermined shift pattern. In a motor vehicle equipped
with this control device, an electronic throttle control device
clectrically controls a throttle valve of the engine, and a
cruise control device control causes the electronic throttle
control device to control the opening of the throttle valve so
that the vehicle runs at a constant speed, which 1s kept equal
to a set vehicle speed (target vehicle speed) set by the cruise
control device.

While the vehicle 1s running under the control of the
cruise control device, target throttle opening setting means
calculates a pseudo accelerator pedal position, and sets a
target throttle opening based on the pseudo accelerator pedal
position. The shift pattern control means receives informa-
tfion as to whether the cruise control device 1s 1n operation or
not, performs the shift control based on the pseudo accel-
crator pedal position if the cruise control device 1s 1n
operation, and performs the shift control based on the actual
accelerator pedal position detected by the accelerator posi-
fion detecting means 1f the cruise control device 1s not in
operation.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic view showing a principal part of an
internal combustion engine equipped with an automatic
fransmission and a control device of the automatic trans-
mission according to one embodiment of the present inven-
tion;
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FIG. 2 1s a block diagram showing the internal combus-
tion engine equipped with the automatic transmission and
the control device of the transmission according to the
embodiment of FIG. 1;

FIG. 3 1s a block diagram showing an intake system of the
engine 1n connection with the embodiment of FIG. 1;

FIG. 4 1s a view showing a shift pattern of a shift lever of
the automatic transmission according to the embodiment of

FIG. 1;

FIG. 5 1s a flowchart showing the operation of the control
device of the torque converter according to the embodiment

of FIG. 1;

FIG. 6 1s a cross-sectional view showing a conventional
torque converter equipped with a lock-up clutch;

FIG. 7 1s a flowchart showing the operation of the

automatic transmission according to the embodiment of
FIG. 1; and

FIG. 8 1s a flowchart showing the throttle opening control
based on combustion modes of the internal combustion
engine.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

The present invention will become more fully understood
from the detailed description given heremnbelow and the
accompanying drawings which are given by way of 1llus-
tration only, and thus are not limitative of the present
invention.

FIG. 1 through FIG. § show a control apparatus of an
internal combustion engine equipped with an automatic
transmission and a control device of an automatic transmis-
sion according to one embodiment of the present invention.

The construction of the entire system of the engine
(internal combustion engine) associated with the present
embodiment will be first explained by referring to FIG. 2. In
FIG. 2, the engine system includes an engine body 1, an
intake passage 2, a throttle valve installed portion 3, and an
air cleaner 4. The 1take passage 2 1s connected to an intake
pipe 7, a throttle body 5, a surge tank 8, and an intake
manifold 9 1 the order of description as viewed from the
upstream side of the passage 2.

The throttle body 5 1s provided with an electronic con-
trolled throttle valve 15, which 1s electrically controlled, and
the opening of this electronic controlled throttle valve 15 1s
controlled by means of a throttle control computer (that is
also called “throttle controller” or “ETV”) 160, which will
be described later. The target opening of the throttle valve 15
(target throttle opening) is set or determined by an engine
control computer (engine ECU) 16, which will be described
later, depending upon an amount of depression of an accel-
erator pedal 50 (accelerator pedal position) detected by an
accelerator position sensor (APSI) 51A, and operating con-
ditions of the engine.

The electronic controlled throttle valve 15, engine ECU
16, throttle controller 160 and others constitute an electronic
throttle control device (also called drive-by-wire (DBW))
150 as shown 1n FIG. 1.

In FIG. 2, reference numeral 17 denotes an exhaust
passage, and 18 denotes a combustion chamber. Intake valve
19 and exhaust valve 20 are respectively provided at open-
ings (1.€., intake port 2A and exhaust port 17A) of the intake
passage 2 and exhaust passage 17 which are open to the
combustion chamber 18.

The engine system of FIG. 2 further includes a fuel tank
22, tuel supply paths 23A-23E, a low-pressure fuel pump
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24, a high-pressure fuel pump 25, a low-pressure regulator
26, a high-pressure regulator 27, and a delivery pipe 28. The
fuel 1n the fuel tank 22 i1s driven or pumped by the low-
pressure fuel tank 24, and further pressurized by the high-
pressure fuel tank 25, so that the fuel, to which a certain high
pressure 1s applied, 1s supplied to a fuel mnjector 21, through
the fuel supply paths 23A, 23B and the delivery pipe 28.
During the supply of the fuel, the pressure of the fuel
delivered from the low-pressure fuel pump 24 1s regulated
by the low-pressure regulator 26, and the pressure of the fuel
delivered from the high-pressure fuel pump 25 is regulated
by the high-pressure regulator 27.

The engine system of FIG. 2 further includes an exhaust
gas recirculating passage (EGR passage) 29, through which
a part of exhaust gases 1s recirculated into the intake passage
2, an EGR valve 30 for controlling the amount of exhaust
gases recirculated through the EGR passage 29, a passage 32
through which blow-by gas 1s circulated, a valve 33 for
positively ventilating a crankcase, a canister 34, and a
catalyst (three-way catalyst in this embodiment) 35 used for
an exhaust emission control.

As shown 1 FIG. 2, the engine ECU 16 1s adapted to
control driving of the fuel injector 21, and driving of an
ignition coil for actuating a spark plug (not shown), and also
to control the opening angle of the EGR valve, pressure
applied to the fuel by the high-pressure regulator 27, and so
on. In addition, the engine ECU 16 controls an air bypass
valve device 12 according to operating conditions and
failure states of the engine. The throttle controller 160
controls opening and closing of the electronic controlled
throttle valve 1§, according to an acceleration command
ogenerated by the driver, and operating conditions and failure
states of the engine.

To perform the above functions, the engine ECU 16
receives signals representing results of detection, from the
first accelerator position sensor (APS1) 51A, an air flow
sensor (not shown), an intake temperature sensor 36, a
throttle position sensor (TPS) 37B for detecting the throttle
opening, an idle switch 38, an air conditioner switch (not
shown), a shift position sensor (not shown), a vehicle speed
sensor (not shown), a power steering switch (not shown) for
detecting an operating state of a power steering system, a
starter switch (not shown), a first cylinder detecting sensor
40, a crank angle sensor 41, a water temperature sensor 42
for detecting the temperature of cooling water of the engine,
an O, sensor 43 for detecting the oxygen concentration 1n
exhaust gases, and so on. Since the rotating speed of the
engine, or engine speed, 1s calculated based on signals from
the crank angle sensor 41, the crank angle sensor 41 may be
also called “engine speed sensor” for the sake of conve-
nience.

The throttle controller 160 receives signals representing,
results of detection, from the second accelerator position

sensor (APS) 51B, a throttle position sensor (TPS) 37A, and
others, as shown 1n FIG. 2.

The engine ECU 16 and the throttle controller 160 are

adapted to transmit and receive information to and from
cach other, through a suitable communication system.

The engine system, constructed as described above, 1s
equipped with an automatic transmission (AT) 170, and an
automatic transmission controller (AT controller) 171 for
controlling the automatic transmission 170. The engine ECU
16 and the AT controller 171 transmit and receive informa-
fion to and from each other, through a suitable communi-
cation system.

The engine system 1s also provided with a cruise control
device 200 for enabling constant-speed running of the
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vehicle under automatic vehicle speed control, as shown 1n
FIG. 1. The throttle controller 160 performs control of the
throttle opening and others, based on mput information
associated with the cruise control. More specifically, when a
cruise control switch (not shown) is turned ON, the engine
is controlled such that the vehicle runs at a speed (target
speed), which 1s equal to the speed at the time when the
switch was turned on, and shift control of the automatic
transmission 170 1s also performed at the same time. Upon
receipt of a command to change the target vehicle speed, the
cruise control device 200 controls the engine and transmis-
sion such that the vehicle runs at a constant speed that 1s
equal to the newly set target vehicle speed. When the cruise
control device 200 receives a command to release or cancel
the cruise control, by detecting depression of a brake pedal
or the accelerator pedal, for example, the constant-speed
running 1s canceled or terminated.

Referring to FIG. 1, the constructions of the electronic
throttle control device (DBW) 150 according to the present
invention will be described 1n detail.

As shown 1n FIGS. 1 and 2, the electronic control throttle
valve 15 that constitutes the DBW 150 includes a butterfly
valve 151 disposed 1n the intake passage 5A of the throttle
body §, a return spring 153 fitted on a shaft 152 that supports
the buttertly valve 151, for applying a bias force to the
buttertly valve 150 toward its closed position, an electric
motor (throttle actuator) 154 for rotating/driving the shaft

152, and a gear mechanism 155 interposed between the
actuator 154 and the shaft 152.

The shaft 152 1s provided with the first throttle position
sensor (TPS1) 37A and the second throttle position sensor
(TPS2) 37B for detecting the opening of the butterfly valve
151 (throttle valve opening). Thus, the electronic throttle
control device 150 1s provided with two throttle position
sensors (TPS1, TPS2) 37A, 37B, as a fail safe, in case either
of the throttle position sensors 37A, 37B {fails.

The drive-by-wire system (DBW) 150 principally con-
sists of the electronic controlled throttle valve 1§ as
described above, the engine ECU 16 for setting the target
opening of the electronic controlled throttle valve 15, and
the throttle controller 160 that controls the operation of the
actuator 154 based on the target opening set by the engine
ECU 16, thereby to adjust the throttle opening.

As shown 1 FIG. 1, the engine ECU 16 includes a target
opening setting portion (target throttle opening setting
means) 16A, and the throttle controller 160 includes a
throttle opening feedback control portion 160A.

FIG. 3 1s a control block diagram for explaining throttle
opening control. As shown 1 FIG. 3, the target opening
setting portion 16A of the engine ECU 16 includes a
function block 16a for setting a target engine torque, based
on detected mmformation from the first accelerator position
sensor (APSI) 51A and the engine speed obtained from the
crank angle sensor 41 as shown 1n FIG. 2, and a function
block 16b for correcting the target engine torque set by the
block 164, in view of the intake air temperature and atmo-
spheric pressure. The target opening setting portion 16A
further includes a function block 16c¢ for correcting the target
engine torque set by the block 164, 1n view of the operating
state of the air conditioner, electric load, and the like, and a
function block 16d for setting the target throttle opening
based on the target engine torque thus corrected, and the
engine speed.

Next, the control device of the automatic transmission of
the present embodiment will be now explained. As shown in
FIG. 1, this device includes the automatic transmission (AT)




6,017,290

7

170, and the automatic transmission controller (AT
controlled) 171 for controlling the automatic transmission
170. The automatic transmission 170 1s connected to the
engine (not illustrated), with a torque converter 190 inter-
posed therebetween.

Alock-up clutch (torque converter clutch) 191 is provided
between input and output elements of the torque converter
190, and the AT controller 171 1s provided with a function
block (lock-up control means) 171A for controlling engage-
ment of this lock-up clutch 191 to control coupling between
the 1nput and output elements of the torque converter 190.
This torque converter 190 has a known structure, and may
be constructed as described above as shown m FIG. 6, for
example. Hence, the structure of the torque converter 190
will not be further described herein.

The AT controller 170 has a shift control mode 1n which
the optimum gear position (speed ratio) of the transmission
1s selected, and a lock-up mode 1n which the input and output
clements of the torque converter 190 may be directly
coupled to each other through the lock-up control means
171A, or direct coupling may be released or canceled so that
the power from the engine 1s transmitted to the transmission
through the torque converter 190.

The automatic transmission of the present embodiment
has first to fifth forward-speed positions, and 1ts shift lever
(not shown) is provided with a sporty-drive select switch.
The shift lever has a shift pattern as shown i1n FIG. 4, for
example, and the transmission can be selectively placed 1n
one of an automatic shift mode and a sporty-drive mode
(manual shift mode). The automatic shift mode is estab-
lished when the shift lever 1s set to the position of D-range
designated by D 1n FIG. 4, and the sporty-drive mode 1s
established when the shift lever 1s moved to the position of
UP- or DOWN-range designated by UP or DOWN 1n FIG.
4, respectively. Thus, the sporty-drive select switch (not
Shown) provided 1n this transmission system 1s turned on or

oif 1n response to a change 1n the position of the shift lever.

When the automatic shift mode i1s selected, the speed
position or speed ratio of the transmission 1s automatically
established. In shift pattern control performed in this auto-
matic shift mode, one of a plurality of speed positions 1is
selected referring to a map (not shown), or the like, based on
the vehicle speed or engine speed, and engine load
(accelerator pedal position in this embodiment). This speed

position control 1s performed in the following manner and as
shown 1n FIG. 7.

A. When it is determined (S71) that the vehicle is not
under cruise control, the transmission 1s automatically
placed 1 one of first-speed to fifth-speed positions, which 1s
selected based on an APS voltage (indicative of the actual

accelerator pedal position), and the rotating speed of the
output shaft of the transmission (872, 73)

B. When it is determined (S71) that the vehicle 1s under
the cruise control, the transmission 1s automatically placed
in one of a certain number of speed positions (first- to
fifth-speed positions if none of them is inhibited), one of
which is selected based on information (pseudo accelerator
pedal position) corresponding to the APS voltage, and the
rotating speed of the output shaft of the transmission (574,
75).

On the other hand, the lock-up control 1s performed 1n the
following manner.

A. When the vehicle 1s not under the cruise control, the
torque converter (lock-up clutch) is placed in one of a
direct-coupling mode and a non-direct-coupling mode,
which 1s selected based on the APS voltage and the rotating,
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speed of the output shaft of the transmission. When the
direct-coupling mode 1s selected, the mput and output ele-
ments of the torque converter (lock-up clutch) are directly
coupled to each other, and when the non-direct-coupling
mode 1s selected, these mput and output elements are not
directly coupled to each other.

B. When the vehicle 1s under the cruise control, the torque
converter (Cock-up clutch) is placed in one of the direct-
coupling mode and non-direct-coupling mode as described
above, which is selected based on information (pseudo
accelerator pedal position) corresponding to the APS
voltage, and the rotating speed of the output shaft of the
fransmission.

In the direct-coupling mode, information on the rotating,
speed of the input shaft of the automatic transmission may
be used instead of information on the rotating speed of the
output shaft of the transmission.

The pseudo accelerator pedal position, as indicated above,
is calculated when the target throttle opening (target
opening) is set by the target opening setting portion (target
throttle opening setting means) 16A of the engine ECU 16,
and the AT controller 171 receives this pseudo accelerator
pedal position from the target opening setting portion 16A.

When the vehicle 1s under the cruise control, the target
opening setting portion 16A computes a difference (Va—Vr)
between the current vehicle speed (actual vehicle speed) Vr
and the larget vehicle speed Va to calculate a variation or
change 1n the pseudo accelerator pedal position AAPSI
based on this difference, according to the following expres-
sion (1), and a pseudo accelerator pedal position APSi (n) in
the current control cycle 1s calculated according to the
following expression (2), based on the variation AAPS1 in
the pseudo accelerator pedal position and a pseudo accel-
erator pedal position APS1 (n—1) obtained in the previous
control cycle.

AAPSi=A*(Va-V¥) (1)

APSi(n)=APSi(n-1)+AAPSi (2)

The target opening setting portion 16 sets various control
amounts of the engine, based on the pseudo accelerator
pedal position APSi (n) calculated in this manner.

The control device of the present embodiment employs
the pseudo accelerator pedal position instead of the actual
accelerator pedal position when the vehicle 1s under the
cruise control. This 1s because the torque 1s transmitted from
the engine to the automatic transmission during the cruise
control even 1f the accelerator pedal 1s not depressed by the
driver. Thus, the AT controller 171 employs the pseudo
accelerator pedal position for controlling engagement of the
lock-up clutch (direct coupling between input and output
elements of the torque converter), though control of engage-
ment of the lock-up clutch cannot be appropriately per-
formed 1f 1t 1s based on the actual accelerator position.

In the control device of the automatic transmission of the
present embodiment, constructed as described above, the
manner of reading control data for governing engagement of
the lock-up clutch 1s changed, depending upon whether the
vehicle 1s running under cruise control or not, as shown 1n
the flowchart of FIG. 5.

As shown 1n FIG. §, when direct-coupling control for the
torque converter 1s started, step S10 1s mitially executed to
determine whether the vehicle 1s currently under the cruise
control or not. If step S10 determines that the vehicle is
running under the cruise control, step S20 1s then executed
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to read information on the pseudo accelerator pedal position
and the rotating speed of the output shaft of the automatic
transmission. In the next step S30, 1t 1s determined whether
the lock-up clutch should be engaged or not, namely,
whether the mput and output elements of the torque con-
verter should be directly coupled to each other, based on the
pseudo accelerator pedal position and rotating speed of the
output shaft read i1n step S20, and the lock-up clutch 1is
controlled based on the result of the determination.

If step S10 determines that the vehicle 1s not under the
cruise control, on the other hand, the control flow goes to
step S40 to read information on the actual APS voltage
(indicative of the actual accelerator pedal position), and
information on the rotating speed of the output shaft of the
automatic transmission. In the next step S50, 1t 1s determined
whether the lock-up clutch should be engaged or not,
namely, whether the input and output elements of the torque
converter should be directly coupled to each other, based on
the actual accelerator pedal position and rotating speed of
the output shaft read in step S40, and the lock-up clutch 1s
controlled based on the result of the determination.

In this manner, even while the vehicle 1s running under the
cruise control, the direct-coupling control for the torque
converter 1s performed as accurately as possible, based on
the pseudo accelerator position transmitted from the engine
ECU 16, thus assuring a reduced loss of energy during
vehicle running, which leads to an improved fuel economy.

The automatic transmission of the present embodiment 1s
preferably used mm an i-cylinder fuel imjection engine,
which has a lean combustion mode and a normal combustion
mode, wherein the fuel 1s directly injected into cylinders to
operate the engine with a considerably high air-fuel ratio in
the lean combustion mode. In such an in-cylinder fuel
injection engine, the throttle valve 1s not mechanically
connected to the accelerator pedal, and the opening degree
of the throttle valve is controlled by an actuator (i.c., a
motor). As shown in FIG. 8, when it 1s determined (S81) that
the engine 1s operating 1n the normal combustion mode, the
actuator controls the throttle valve opening to a degree
corresponding to the accelerator pedal position as 1n con-
ventional engines (S82). When, however, it 1s determined
(S81) that the engine is operating in the lean combustion
mode, the actuator controls the opening of the throttle valve
to a degree greater than that in the normal combustion mode
(S83) even if the accelerator pedal 1s maintained in the same
position. When the present automatic transmission 1s used
with this type of engine, the fuel economy can be further
improved because both the direct-coupling control of the
torque converter and the shift control (and shift pattern
control) are performed based on the pseudo accelerator
pedal position and not the actual accelerator position or an
actual opening degree of the throttle valve.

It 1s to be understood that the automatic transmission that
1s controlled m the above-described manner may be also
used with other types of engines which perform throttle
opening control by means of an electronic throttle control
device (DBW), in addition to the in-cylinder fuel injection
engine, assuring an improved fuel economy.

The 1information on the pseudo accelerator position may
also be used during the shift pattern control. In this case, the
shift pattern control can be favorably performed even when
the actual accelerator position cannot be appropriately
obtained.

The mnvention being thus described, 1t will be obvious that
the same may be varied in many ways. Such variations are
not to be regarded as a departure from the spirit and scope
of the mvention, and all such modifications as would be
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obvious to one skilled 1n the art are intended to be 1included
within the scope of the following claims.

What 1s claimed 1s:

1. A control device of an automatic transmission of a
motor vehicle, including lock-up control means for control-
ling a coupling state between input and output elements of
a torque converter clutch that transmits a driving force from
an engine to the automatic transmission, said control device
comprising:

a throttle control device that controls an opening degree of

a throttle valve;

accelerator position detecting means for detecting an
accelerator pedal position;

a cruise control device that controls the opening degree of
the throttle valve to maintain a vehicle speed at a
predetermined vehicle speed; and

target throttle opening setting means for calculating a
pseudo accelerator pedal position, and setting a target
throttle opening based on the pseudo accelerator pedal
position,

wherein said lock-up control means controls the coupling
state between the input and output elements of the
torque converter clutch based on said calculated pseudo
accelerator pedal position when the cruise control
device 1s 1n operation, and controls the coupling state
based on the detected accelerator pedal position
detected by said accelerator position detecting means
when the cruise control device 1s not 1n operation.

2. A control device of an automatic transmission accord-
ing to claim 1, wherein said pseudo accelerator pedal
position 1s calculated based on a difference between an
actual speed of the vehicle and the predetermined vehicle
speed.

3. A control device of an automatic transmission of a
motor vehicle, including shift pattern control means for
performing shift control of the transmission from a first
speed to a second speed according to a predetermined single
shift pattern, the vehicle including an engine, comprising;:

a throttle control device that controls an opening degree of
a throttle valve;

accelerator position detecting means for detecting an
accelerator pedal position;

a cruise control device that controls the opening degree of
the throttle valve to maintain a vehicle speed at a
predetermined vehicle speed; and

target throttle opening setting means for calculating a
pseudo accelerator pedal position, and setting a target
throttle opening based on the pseudo accelerator pedal
position,

wherein said shift pattern control means performs the shaft
control based on said calculated pseudo accelerator
pedal position 1n accordance with the predetermined
single shift pattern when the cruise control device 1s 1n
operation, and performs the shift control based on the
detected accelerator pedal position detected by said
accelerator position detecting means 1n accordance
with the predetermined single shift pattern when the
cruise control device 1s not 1n operation.

4. A control device of an automatic transmission accord-
g to claim 3, wherein said pseudo accelerator pedal
position 1s calculated based on a difference between an
actual vehicle speed of the vehicle and the predetermined
vehicle speed.

5. A control device of an automatic transmission accord-
ing to claim 3, wherein said engine has a normal combustion
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mode 1 which the engine operates with a first air-fuel ratio,
and a lean combustion mode 1n which the engine operates
with a second air-fuel ratio that 1s larger than said first
air-fuel ratio, and wherein said throttle control device con-
trols the opening degree of the throttle valve to be greater,
when the engine 1s operating in the lean combustion mode,
than the opening degree of the throttle valve when the engine
1s operating 1n the normal combustion mode.

6. A control device of an automatic transmission accord-
ing to claim 1, wherein said throttle control device electri-
cally controls the throttle valve.

7. A control device of an automatic transmission accord-
ing to claim 2, wherein said target throttle opening setting
means continuously updates said pseudo accelerator pedal
position by adding the calculated difference and an old
pseudo accelerator pedal position calculated 1 a preceding,
cycle.

8. A control device of an automatic transmission accord-
ing to claim 1, wherein said target throttle opening setting
means calculates said target throttle opening based on an
engine torque and an engine speed.

9. A control device of an automatic transmission accord-
ing to claim 8, wherein said engine torque 1s established
based on the detected accelerator pedal position and the
engine speed when said cruise control device 1s not in
operation.

10. A control device of an automatic transmission accord-
ing to claim 8, wherein said engine torque 1s corrected based
on one or more parameter of a group consisting of an intake
alr temperature and an atmospheric pressure.

11. A control device of an automatic transmission accord-
ing to claim 8, wherein said engine torque 1s corrected based
on one or more parameter of a group consisting of an
operating state of an air conditioner and an electric load.

12. A clutch control apparatus for controlling a clutch
disposed 1n a torque converter connected to an internal
combustion of a vehicle having a cruise control system,
comprising:

an accelerator pedal position sensor which detects an

actual operation amount of an accelerator pedal;

a pseudo accelerator pedal opening calculating means for
calculating a pseudo accelerator pedal opening signal
based on a target vehicle speed set by the cruise control
system and an actual vehicle speed; and

a lock-up clutch controller for determining engagement
and disengagement of the lock-up clutch based on said
detected actual operation amount of an accelerator
pedal when the cruise control system 1s not 1n
operation, and based on said calculated pseudo accel-
crator pedal opening signal when said cruise control
system 1s 1n operation.

13. A clutch control apparatus according to claim 12,
wherein said lock-up clutch controller determines the
engagement and disengagement of the lock-up clutch based
on the actual vehicle speed.

14. A clutch control apparatus according to claim 12,
wherein said pseudo accelerator pedal opening calculating,
means calculates said pseudo accelerator pedal opening
signal based on a difference between the target vehicle speed
and the actual vehicle speed.

15. A clutch control apparatus according to claim 12,
further comprising:
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a target throttle opening setting means for setting a target
throttle valve opening based on said detected actual

operation amount of the accelerator pedal when the
cruise control system 1s not 1n operation, and based on

said calculated pseudo accelerator pedal opening signal
when the cruise control system 1s 1n operation; and

a throttle opening angle control means for controlling an
actual opening degree of a throttle valve to coincide
with said target throttle valve opening such that the
actual vehicle speed 1s maintained at the target vehicle
speed.

16. A clutch control apparatus according to claim 12,

further comprising:

an automatic transmission connected to the torque con-
verter; and

an automatic transmission controller for controlling a shift
position of said automatic transmission based on said
detected actual operation amount of an accelerator
pedal when the cruise control system 1s not 1n
operation, and based on said calculated pseudo accel-
erator pedal opening signal when said cruise control
system 1s 1n operation.
17. A method for controlling a clutch disposed 1n a torque
converter connected to an internal combustion of a vehicle
having a cruise control system, comprising:

detecting an actual operation amount of an accelerator
pedal;

calculating a pseudo accelerator pedal opening signal
based on a target vehicle speed set by the cruise control
system and an actual vehicle speed; and

determining engagement and disengagement of the lock-
up clutch based on said detected actual operation
amount of an accelerator pedal when the cruise control
system 15 not 1n operation, and based on said calculated
pseudo accelerator pedal opening signal when said
cruise control system 1s 1n operation.

18. The method of claim 17, further comprising;:

controlling a shift position of an automatic transmission
connected to the torque converter based on said
detected actual operation amount of an accelerator
pedal when the cruise control system 1s not 1n
operation, and based on said calculated pseudo accel-
erator pedal opening signal when said cruise control
system 1s 1n operation.

19. A control device of an automatic transmission accord-
ing to claim 1, wherein said engine has a normal combustion
mode 1n which the engine operates with a first air-fuel ratio,
and a lean combustion mode 1n which the engine operates
with a second air-fuel ratio that 1s larger than said first
air-fuel ratio, and wherein said throttle control device con-
trols the opening degree of the throttle valve to be greater
when the engine 1s operating in the lean combustion mode,
than the opening degree of the throttle valve when the engine
1s operating 1n the normal combustion mode.

20. A control device of an automatic transmission accord-
ing to claim 8, wherein said engine torque 1s established
based on said calculated pseudo accelerator pedal position
and the engine speed when said cruise control device is 1n
operation.
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